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The NASA Glenn Research Center (GRC) has been testing free-piston Stirling 
convertors for potential use in radioisotope power systems. These convertors tend to be in 
the 35 to 80 watt electric power output range. Tests at GRC have accumulated over 80,000 
hours of operation. Test articles have been received from Infinia Corporation of Kennewick, 
WA and from Sunpower of Athens, OH. Infinia designed and built the developmental 
Stirling Technology Demonstration Convertors (TDC) in addition to the more advanced Test 
Bed and Engineering Unit convertors. GRC has eight of the TDC’s under test including two 
that operate in a thermal vacuum environment. Sunpower designed and developed the EE- 
35 and the Advanced Stirling Convertor (ASC). GRC has six of the EE-35’s and is 
preparing for testing multiple ASC’s. Free-piston Stirling convertors for radioisotope power 
systems make use of non-contacting operation that eliminates wear and is suited for long- 
term operation. Space missions with radioisotope power systems are often considered that 
extend from three to 14 years. One of the key capabilities of the GRC test facility is the 
ability to support continuous, unattended operation. Hardware, software, and procedures 
for preparing the test articles were developed to support these tests. These included the 
processing of the convertors for minimizing the contaminants in the working fluid, 
developing a helium charging system for filling and for gas sample analysis, and the 
development of new control software and a high-speed protection circuit to insure safe, 
round-the-clock operation. Performance data of Stirling convertors over time is required to 
demonstrate that a radioisotope power system is capable of providing reliable power for 
multi-year missions. This paper will discuss the status of Stirling convertor testing at GRC. 
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One of the motivations for the early kinematic research was 
looking into the future for space power 
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Few data points of long life Stirling power conversion 
- Harwell TMG, NIH heart engine, Infinia RG-10, CTPC and EM 
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increasing levels of argon and nitrogen 
Argon came from an insulation loss test 

Speculated that increasing level of nitrogen and 
performance change were linked 



o 

'- t — * 

03 

- 4 — < 

C/D 

"c 

£ 

< 

CD 

O 

03 

Q _ 

co 


C/3 

o 


03 


0 

< 

"03 

C 

o 

-4— < 

03 




(obm) indjno Jawod 


"O 

0 

03 

0 

O 

03 

> 

0 

in 

o 

0 

> 

c 

o 

o 


js 1 

S'S 


c 

o 

0 

0 


o 

c 

o 

o 

c 


E 0 
0 0 
CL £ 


"D 

0 

i_ 

o 

-I— < 

o 


CD 

c 

'0 

-Q 


0 

s _ 

o 

t3 

0 

> 

a 

o 

o 


0 

CD 

c 


o 

0 


■a 

to 

0 

'TO 

E 

0 


03 m 


0 

0 

s _ 

0 
-t— < 

0 

i_ 

0 

CL 

E 

0 

-I—* 

CD 

_C 

0 

i_ 

0 

CL 

O 


_co 

to 


0 


0 3 


CL 

3 


0 _ 
0 

c 0 
0 — 
CD 0 

2 .2 

= s 

1 1 

TO 0 

0 

O CD 
CD 0 

TO- 

TO 'a 

£ C 

T3 -2 
0 0 

| § 

Z O 

I 


73 

0 

=5 

C C 

° ^ 

CD C 

Jr o 

0 Q 

oo 3 

o > 

4_ 0 

0 r- 
X3 c 

0 0 

£ 05 
0 O 

It 

■ 4— 1 

C 0 
— _Q 
C 

O £= 
O 

0 


0 


0 

$ I 

£ £ 
"o -a 
0 0 
c 


0 
a: 0 


0 0 
0 0 
CL ■£= 
CL ~ 


0 H uj uidd ‘JVio uoj)ej)U 93 U 03 



0 H uj uidd ‘ z n pue o z H ‘*00 i° uojjBjjuoouoo 


< / ) 
i_ 

0 

O 


O 

o 

00 

CN 

■ 4 — 1 ' 

0 


_ 0 

0 0 


_Q 

E 


0 

0 

O 


0 

CD 

C 

"i_ 

0 

CD 

i_ 

0 

CL 

■a 

0 


0 0 

0 
C C 


CO 

i_ 

0 

o 


0 

0 

o 

TO 

> 


0 0 
> _Q 

£Z 
O 
CD 


0 


0 

CD 

i_ 

0 

CL 

73 

0 


O 
O 

0 

LO O 

1 ■ M— 

W c 
■2 £ 
5 8 

73 

CD § 
73 3 

C CD 

0 TO 


CD 

CD 

TO .2 
0 «- 
CD ™ 

■0 P 
O 
CD 
TO 


CD 


TO To 

CD TO 
S3 (U 


0 

CL CD 

4- TO 

O CD 
® TO 

2* a> 


TO 


F I I 


0 

0 


0 

CD 

C 


c 

o 

0 

0 

CD 

i_ 

0 

> 

o 

o 

£Z 

o 

CD 

i_ 

0 

<4— 0 

o 

TO 
0 CD 
0 £ 
0 F 
CL .i 


0 

TO 

TO 

0 

o 

o 

■a 

TO 

0 

'to 

E 

TO 

s _ 

0 

o 

TO 

&_ 

0 

TO 

O 

0 

O 

o 

0 

TO 

CD 

O 


! I 


> 

o 

q> 

CO 
c n 
co 
c 

$ 

$ 


I 


Argon concentration began to rise at a greatly 
increased rate 

Performance appeared to be degrading more slowly 
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January 06 after 19,108 hours 

- Fill tube was not welded to allow working fluid composition to be analyzed 

Visual inspection of internal components showed no signs of wear or 
degradation 
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change in performance, no indication of outgassing or 
decomposition of organics 
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